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A		 	 	 CO2	Assimilation	(µm/m2/s1)	
BPs	 	 	 Best	Practices	
CK	 	 	 Check	or	Control	treatment	
CEA	 	 	 Controlled	Enviroment	Agriculture		
Ci	 	 	 Internal	CO2	(µm/mol)	
CSA		 	 	 Community	Supported	Agriculture	
DOT	 	 	 Day	of	Treatment	
DOH	 	 	 Day	of	Harvest	
Dwt.	 	 	 Dry	weight	(g)	
Et	 	 	 Foliar	Evapotranspiration	(mmol	H20/m2/s1)	
ES	 	 	 Early	shade	implementation	
ES30	 	 	 Early	shade	30%	cloth	treatment	
ES50	 	 	 Early	shade	50%	cloth	treatment	
FD	 	 	 Field		
GH	 	 	 Greenhouse	
gs	 	 	 Stomatal	conductance	(mmol	H20/m2/s1)	
HT		 	 	 High	tunnel	
LS30	 	 	 Late	shade	30%	cloth	treatment	
LS50	 	 	 Late	shade	50%	cloth	treatment	
LS	 	 	 Late	shade	implementation	treatment	
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MS	 	 	 Middle	shade	implementation	
MS30	 	 	 Middle	shade	30%	cloth	
MS50	 	 	 Middle	shade	50%	cloth		
NOP		 	 	 National	Organic	Program	
PAR	 	 	 Photosynthetic	Active	Radiation	(µm/m2/s1)	
PGR	 	 	 Plant	Growth	Regulator	
Pn		 	 	 Net	Photosynthetic	Rate		
RH		 	 	 Relative	Humidity	(%)	
SARE		 	 	 Sustainable	Agriculture	Research	and	Education	 	
SS	 	 	 Shaded-Shaded	Treatment	
SU	 	 	 Shaded-Unshaded	Treatment	
TLeaf	 	 	 Leaf	Temperature		
WUE	 	 	 Water	Use	Efficiency	(mmol	CO2/mol1	H20)	
US	 	 	 Unshaded-Shaded	treatment	












United	 States	Ozark	Plateau	 region.	 Primocane	blackberry	production	 in	 the	 southern	United	
States	is	limited	in	acreage	of	production	as	well	as	low	yields	by	high	temperatures	during	the	
bloom	and	early	fruiting	period,	resulting	in	poor	fruit	set	and	poor	fruit	quality.	Shade	may	have	
the	 potential	 to	 delay	 bloom	 and	 flowering	 to	 a	 more	 favorable	 season	 or	 by	 reducing	
temperatures	that	cause	a	poor	fruit	set	and	quality.	Both	the	GH	and	the	FD	experiment	was	
established	in	the	June	2014	to	evaluate	the	effects	of	shade	on	primocane	fruiting	blackberry	
growth,	 physiology	 and	 fruiting.	 The	 research	 objectives	were	 experimenting	 the	 timing	 and	
intensity	 of	 shade	 on	 the	 potential	 for	 delayed	 flowering	 and	 fruiting.	 The	 GH	 experiment	
analyzed	 four	 treatments	using	50%	 shade	 cloth:	 1)	 an	untreated	nonshaded	 control	 [CK],	 2)	
unshaded	for	29	days	then	shaded	for	30	days	[US],	3)	shaded	for	29	days	then	shaded	for	30	
days	[SS],	and	4)	shaded	for	29	days	and	unshaded	for	30	days	[SU].		Each	treatment	had	11	single	






and	50%	 implemented	at	different	 times	 throughout	 the	growing	season.	The	FD	experiment	

























































Southern	 Sustainable	 Agriculture,	 Research	 and	 Education	 (SARE)	 strives	 to	 encourage	 soil	
quality,	integrated	pest	management	(IPM),	and	energy	conservation.		
Two	experiments,	a	GH	and	a	FD	project	were	studied	 to	 test	 the	effects	of	 shade	on	



























al.,	2002).	 In	 some	cases,	 it	 is	difficult	 to	compare	energy	consumption	on	organic	 farms	and	
conventional	 farms	 due	 to	 the	 size,	 location	 and	 the	 wide	 range	 of	 production	 methods.	
However,	a	report	in	2007	stated	that	organic	farming	practices	used	30-50%	less	energy	per	unit	
	 21	




heat	 and	 solar-radiation	 limits	 primocane	 blackberry	 production	 in	 the	 southern	 region	 and	
shade	 may	 provide	 a	 means	 of	 improving	 the	 fruit	 set	 and	 quality.	 In	 high	 temperatures,	
blackberries	tend	to	have	poor	performance	related	to	their	adaption	to	cooler	more	northern	
climates	(Stafne,	et	al.,	2001).	 Implementation	of	shade	treatments	are	aimed	to	reduce	heat	
stress,	 delaying	 flower	 and	 fruiting	 of	 fall	 bearing	 primocanes	 in	 the	 southern	 region	 so	 that	
flowering	would	take	place	during	cooler	temperatures.		
In	 the	past	 several	decades’	blackberries	have	made	an	economic,	environmental	and	
social	 impact	 on	 the	 small	 fruit	 industry	 (Clark,	 et	 al.,	 2008b).	 Consumers	 expect	 to	 have	
blackberries	year	round	in	stores	and	to	have	the	ability	to	purchase	new,	higher	quality	berries	




















blackberry	 production	 worldwide	 and	 further	 research	 into	 better	 developing	 this	 crop	 for	
markets	 (Finn	 and	 Clark,	 2011).	 Raspberries	 and	 blackberries	 have	 similarities	 in	 cultivation	
methods,	physiology	and	marketing	techniques;	however,	blackberries	have	 lower	production	
costs	 (Finn	 and	 Clark,	 2011).	 Finn	 and	 Clark	 (2011)	 explained,	 blackberries	 tend	 to	me	more	
disease	resistant	and	have	higher	rates	of	growth	which	make	it	a	more	economical	crop	to	grow.	
Blackberry	 production	 has	 been	 broken	 down	 by	 worldwide	 regions:	 42%	 in	 North	
America,	31%	in	Europe	and	19%	in	Asia	(Strik,	et	al.,	2007).	North	America	was	found	to	be	the	






for	 blackberry	 production	 due	 to	 cooler	 temperatures.	 The	 southern	 region	 of	 the	 U.S.	
production	is	on	the	rise	with	continued	research	for	adaptive	cultivars	(Drake	and	Clark,	2009).	
Rodriguez,	 et	 al.,	 (2012)	 explained	 that	 between	 the	 years	 of	 1997	 and	 2007	 the	 cultivated	
acreage	of	blackberry	production	 in	Arkansas	 increased	277%.	According	to	the	United	States	
Department	 of	 Agriculture	 (USDA)	 agriculture	 census,	 there	 has	 been	 an	 increase	 of	 1,597	





was	 reported	 that	 669	 farms	or	 35%	of	 those	 farms	did	not	have	harvest	 production	 (USDA,	
2014).	 There	 has	 been	 an	 interest	 from	 producers	 to	 invest	 in	 berry	 production,	 however	
improved	fruit	set	needs	to	be	researched	in	the	southern	region	to	increase	sales	at	market.			
If	 producers	 are	 able	 to	 increase	 marketable	 yields,	 the	 literature	 reported	 that	 the	
demand	for	blackberries	has	been	present.	Blackberry	demand	has	increased	in	relation	to	the	






about	 positive	 effects	 in	 combating	 age-related	 neurodegenerative	 diseases	 and	 bone	 loss	
	 24	
(Kaume,	et	al.,	2012).	In	addition,	more	research	must	be	conducted	to	better	understand	effects	










The	 University	 of	 Arkansas	 breeding	 program	 discovered	 the	 primocane	 fruiting	
blackberry	 27	 Sept.	 1997	 and	 later	 determined	 there	 was	 potential	 for	 extended	 season	
production	of	this	high-value	fruit	crop	in	the	southern	region	of	the	U.S.	(Clark,	2008a).	However,	
there	has	been	production	problems	in	the	southern	region	with	lac	of	heat	tolerance	that	lowers	
fruit	 quality	 and	 yield	 quantities.	 High	 tunnel	 production	 systems	 as	 well	 as	 shading	 show	
potential	to	make	primocane	cultivars	adaptable	to	areas	that	exhibit	higher	temperatures.		
The	 traditional	blackberry	 cultivar	will	 produce	 first	 year’s	 growth	 termed	primocanes	
(vegetative)	and	then	in	the	second	year	of	growth	the	same	canes	become	floricanes	that	are	






















(Strik,	 et	 al.,	 2012).	 Blackberries	 cultivated	 in	 Mexico	 underwent	 extensive	 pruning	 and	
application	methods	 to	ensure	 fruit	production,	which	was	 supplied	 the	United	States	during	











at	 improving	 fruit	quality	and	 reducing	 imports.	As	mentioned	 there	are	problems	associated	
with	primocane-fruiting	blackberry	cultivars	in	the	southern	region,	due	to	lack	of	heat	tolerance.	
Nevertheless,	Primocanes	are	unique	in	the	sense	that	they	flower	and	fruit	on	current	season	
canes	 as	 opposed	 to	 floricanes	 that	 flower	 and	 fruit	 on	 second	 season	 canes;	 this	 change	 in	
reproductive	cycles	leaves	a	lot	to	be	learned	for	improved	production	in	differing	regions	with	
varying	climatic	patterns	(Strik,	et	al.,	2012).	From	the	natural	evolution,	floricane	cultivars	would	
bear	fruit	 in	 late	spring	around	April	and	May.	While	 in	Arkansas,	the	primocane	types	began	
bloom	in	late	June	(about	the	time	of	completion	of	floricane	fruiting)	meaning	fruit	began	to	
ripen	in	early	August	(Clark,	2008a).		Clark	(2008a)	observed,	flower	and	fruiting	of	primocane	
cultivars	 in	 the	 south	 results	 in	 small,	 low	 quality,	 unmarketable	 fruit	 often	 poor	 color	 from	
sunburn	when	first	fruits	are	seen	in	early	August.	
A	viable	option	 for	growers	 to	delay	 flower	and	 fruit	as	well	as	extend	 the	season	 for	





2012).	 Plants	 are	produced	 in	 the	ground	with	an	 irrigation	 system	 in	place.	Benefits	of	high	





blackberry	 production	 in	 a	 tunnel	 could	 increase	 economic	 risk	 due	 to	 the	 cost	 and	 delayed	
harvest	to	establish	plants	(Rodriguez,	et	al.,	2012).	Tunnels	could	be	combined	with	primocane	
blackberry	cultivars	to	extend	the	season	and	protect	fruits	from	season	ending	freezes,	but	little	
published	 research	 has	 been	 completed	 on	 this.	 Imported	 berries	 from	 Oregon	 and	Mexico	
supply	the	southern	region	during	the	southern	U.S.	non-growing	season	between	the	months	of	
October-May.	Rodriguez	explains	that	growers	could	benefit	from	out-of-season	production	by	
having	a	 longer	 fruiting	 season	 that	 competes	with	other	producers	 (Rodriguez,	et	al.,	2012).	




Furthermore,	 it	 would	 provide	 growers	 with	 a	 reliable	 revenue	 and	 reduced	 energy	 inputs	
needed	for	the	transportation	of	fruit	from	other	regions.			
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Light	influences	on	plant	growth:	 Light	 is	an	essential	 factor	for	plant	growth,	development	
and	physiological	 functions.	Plants	undergo	a	process	called	photosynthesis	where	 light	 is	the	
energy	 that	drives	 the	conversion	of	atmospheric	carbon	dioxide	 (CO2)	and	water	 (H2O)	 into	
glucose	(C6H12O6)	and	oxygen	(O2).	Two	aspects	to	consider	for	the	impact	of	light	on	fruit	crops	




Light	can	be	measured	 in	wavelengths	which	can	be	short	or	 long	depending	on	 their	
energy	 levels.	 The	 primary	 pigment	 in	 plants	 responsible	 for	 photosynthesis	 was	 chlorophyll	









Lombardini,	 et	 al.,	 (2009)	 explained,	 the	 source	 of	 light	 was	 vital	 and	 the	 more	 efficient	










Effects	of	shade	on	light	levels:	 Some	 outcomes	 of	 shadecloth	 on	 plant	 development	
included:	physical	plant	protection	from	(birds,	wind	and	hail),	impact	on	environmental	factors	
(humidity,	 light	 and	 temperature)	 and	 increased	 diffused	 light	 that	 may	 absorb	 or	 reflect	
particular	 light	wavelengths;	 all	 of	which	 influenced	plant	 growth	 and	development	 (Stamps,	
2009).	Stamps	(2009)	explained,	the	use	of	shade	increased	the	relative	humidity	(RH)	inside	the	
shade	structures	compared	to	outside	the	shading	structure.	There	were	many	aspects	of	plant	
development	 that	 could	 be	 altered	 with	 shadecloth	 and	 as	 such	 should	 be	 monitored	 to	


















unfavorable	 amounts.	 Understanding	 the	 implications	 of	 various	 levels	 of	 shade	 on	
photosynthesis,	plant	growth,	development	and	plant	physiology	has	been	crucial	to	improving	
fruit	yields	of	various	rosacea	species.		
Photosynthetic	 capacity	 of	 leaf	 canopy	 of	 peaches	 explained	 that	 the	 studies	 of	
photosynthetic	acclimation	to	light	over	simplified	the	complexity	of	natural	light	environments	
in	plant	canopies	(DeJong	and	Doyle,	1985).	Environmental	conditions	are	much	more	complex	
in	natural	 environments	due	 to	abiotic	 and	biotic	 factors	 then	 first	 suggested	by	DeJong	and	
Doyle	(1985).	When	light	measurements	were	determined	within	apple	canopies,	it	was	observed	
that	 haze	 and	 clouds	 fluctuated	 before	 a	 set	 of	 instantaneous	 light	 measurements	 were	
completed	 in	 a	 forest	 canopy	 (Campbell	 and	 Marini,	 1992).	 There	 are	 many	 environmental	
influences	 such	 as	 clouds,	 seasonal	 changes	 and	 competitive	 plant	 vegetation	 that	 could	
influence	the	availability	as	the	quality	of	light.	The	day-to-day	changes	of	light	levels	within	plant	
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canopies	 are	 known	 to	 differ	 in	 available	 light	 quality	 as	 well	 as	 quantity	 and	 impact	 the	
development	of	fruit	(Rom,	1991).		





physiological	 responses.	 Stamps	 (1994)	 reported,	 that	 reductions	 in	 radiation	 resulted	 from	
netting	could	affect	temperatures	of	the	surrounding	air,	soil	and	plants	as	well	as	influence	the	
RH	within	the	shaded	structures.	Some	net	shade	houses	increased	the	temperatures	inside	the	
structures	 (Stamps,	 1994).	 This	 highlighted	 the	 need	 for	 further	 research	 to	 determine	 the	
optimal	 intensity	and	 implementation	of	 shade	 to	obtain	desired	 fruit	 set	and	 fruit	quality	of	
primocanes.	Despite	heat	 injury	of	plants,	 it	was	predicted	that	photosynthesis	would	decline	







primocane	 leaves	 declined	 as	 temperature	 increased	 (Fernandez,	 et	 al.,	 1994).	 	 High	





High	 temperatures	 were	 found	 to	 damage	 cellular	 structures	 and	 metabolic	 pathways	 and	
contributed	to	secondary	water	stress	(Levitt,	2012).	Plant	growth	and	development	altered	with	
heat	 stress	 and	 drought	 tolerance	 exhibited	 leaf	 rolling,	 leaf	 shading	 and	 reduced	 leaf	 area	
(Morgan,	 1984).	 Shade	 on	 blackberries	 was	 reported	 to	 decrease	 both	 assimilation	 and	
transpiration	rates	(Rotundo,	et	al.,	1999).	Plant	physiological	functions	have	been	reported	to	





Plant	 physiological	 processes	 have	been	 altered	by	 light	 and	 temperature	which	have	
influenced	 reproductive	 structures	 (flowers	 and	 fruits).	 The	 objective	 of	 this	 research	was	 to	
evaluate	the	effects	of	shade	on	primocane-fruiting	‘Prime-Arkâ	45’	to	delay	flower	formation.	
The	 implementation	 of	 varying	 levels	 of	 shade	 throughout	 the	 2014	 growing	 season	 studied	







































































































































have	 occurred	 in	 the	 FD	 experiment	 and	 provided	 near	 optimal	 growing	 conditions,	 FD	


















al.,	 (2012)	showed	that	the	cultivated	acreage	of	blackberry	production	 in	Arkansas	 increased	








Based	 upon	 preliminary	 field	 experiments	 and	 observations	 (Rom,	 2014,	 personal	
communication),	 it	 was	 hypothesized	 that	 shade	 could	 delay	 flowering	 in	 primocane-fruiting	




























1981).	 It	was	 found	that	40%	 light	shade	redution	netting	 increased	the	cane	 length	and	also	
increased	 the	 dry	 matter	 acumulation	 of	 two	 blackberry	 cultivars	 compared	 to	 the	 control	
(Rotundo,	et	al.,	1999).		
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plant	 growth	 and	 development	 and	 therefore	 isolated	 treatment	 effects.	 This	 might	 have	
provided	isolated	treatment	effects	of	various	levels	of	shade	on	primocane-fruiting	physiology	
with	 an	 emphasis	 on	 flower	 and	 fruit	 development.	 The	 objective	 of	 this	 experiment	was	 to	































canes	 were	 pruned	 of	 lateral	 bud	 break	 and	 trained	 to	 bamboo	 stakes.	 Every	 week	 suckers	
(adventitious	 shoot	 that	 arise	 from	 the	 base	 of	 the	 plant)	 were	 removed	 to	 prevent	 to	








each	 potted	 plant	 throughout	 the	 experiment	 in	 amounts	 of	 1	 tablespoon	 (tbsp)	 then	 light	
watered	was	applied.	In	addition,	one	application	of	Marathonâ	(Imidacloprid,	1-[(6-Chloro-3-











































One	plant	 in	the	US	treatment	not	 included	 in	the	data	set	due	to	factors	that	terminated	 its	
growth	prior	to	the	end	of	the	GH	experiment	and	data	are	excluded	from	analysis.	Observations	
























Table	 2).	 Shade	 treatment	plants	 had	 reduced	plant	 growth	 and	development,	 especially	 dry	
weights	compared	to	the	unshaded	control.	Although	there	were	differences	 for	height,	cane	
diameter	and	dry	weights	(shoots,	leaves,	roots,	and	total	dry	weight),	there	were	no	significant	
differences	for	 leaf	number,	 leaf	area,	average	 leaf	size,	number	of	flowers	and	dry	weight	of	
flowers	(Table	2	and	Figure	6).		
	 Leaf	dry	weight	was	similar	for	all	treatments	except	for	SS	which	was	significantly	less	
























Assimilation	was	 recorded	 and	percent	 of	 control	 (100%)	 (Appendix	 3	 and	4).	 At	 the	 time	of	
assimilation	 other	 measurements	 were	 taken	 that	 included:	 evapotranspiration,	
evapotranspiration	 set	 to	 percent	 of	 control	 (100%),	 vapor	 pressure	 deficient,	 ambient	 leaf	













(Table	 3).	 Given	 the	 research	 presented	 by	 Clark	 and	 Perkins-Veazie	 (2011)	 where	 fruit	 was	
formed	39	days	after	first	flower,	these	findings	are	significant	because	fruit	could	be	shifted	to	
5	Sept.	compared	to	the	CK	which	would	fruit	approximately	10	Aug.	This	shift	of	bloom	time	
could	 be	 long	 enough	 to	 avoid	 heat	 stress	 that	 has	 been	 stated	 to	 be	 the	 challenge	 with	
primocane	cultivars	fruiting	in	Arkansas	late	July	and	August	(Clark,	2008a).		
Results	from	the	controlled	environment	GH	experiment	supported	the	hypothesis	that	
shading	 primocane-fruiting	 potted	 plants	 does	 influence	 plant	 physiology,	 growth	 and	
development.	Shading	 in	 the	SU	treatment	resulted	 in	a	delay	of	 flower	and	fruit	set.	Results	
displayed	treatment	US	resulted	in	the	largest	number	of	flowers	at	the	end	of	the	experiment,	
SS	 had	 the	 largest	 number	 of	 flower	 buds	 and	 CK	 had	 the	 largest	 number	 of	 fruits	 at	 the	



























































































































































































X	1	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55		 DOT	62	
Control	 26	 38	 58	bZ	 77	b	 122	b	 150	b	 168	b	 179	b	 186	b	 196	by	
Unshaded-Shaded	 26	 41	 59	b	 80	b	 127	b	 152	b	 177	b	 194	ab	 205	ab	 228	a	
Shaded-Shaded	 26	 40	 60	b	 81	b	 132	b	 153	b	 168	b	 181	b	 186	b	 189	b	
Shaded-Unshaded	 32	 49	 77	a	 103	a	 159	a	 187	a	 210	a	 221	a	 231	a	 246	a	

































































Control	 197	cZ	 9	ab	 41	 5955	 146	 3	 37	a	 53	a	 106	a	 2.27	 196	a	
Unshaded-	
Shaded	 227	ab	 9	ab	 44	 7917	 189	 11	 35	ab	 51	a	 75	b	 3.36	 162	b	
Shaded-	
Shaded	 204	bc	 8	b	 42	 7166	 183	 6	 26	b	 34	b	 64	b	 1.09	 124	b	
Shaded-	
Unshaded	 251	a	 10	a	 49	 7077	 145	 9	 42	a	 52	a	 94	ab	 1.9	 188	ab	





















































































































































































































































and	 a	 preliminary	 experiment	 of	 2013	 indicated	 that	 shading	 may	 be	 used	 to	 delay	 and	
synchronize	bloom	in	autumn-bearing	primocane	blackberries.		This	experiment	was	a	repetition	
of	 the	2013	experiment	 to	 confirm	previous	 results.	Research	 in	 the	FD	provided	 insight	 into	
management	strategies	of	primocane-fruiting	blackberries	in	the	southern	region.	





blackberries.	 This	 experiment	 has	 given	 insight	 into	 the	 effects	 of	 shade	 on	 ‘Prime-Arkâ	 45’	
blackberry	physiology,	growth	and	flowering	and	fruiting	in	the	FD.	It	was	found	that	shade	may	
be	used	to	delay	flowering,	reduce	heat	stress,	resulting	in	higher	fruit	quantities.		However,	FD	









This	 limits	 the	 production	 of	 the	 new	 cultivars	 of	 primocane	 blackberries	 for	 production	 in	




















also	 increasing	 fruit	 size	 and	 the	 amount	 of	 marketable	 berries	 with	 crop	 season	 extension	
(Makus,	2010).	Therefore,	 there	are	 two	proposed	methods	 for	 improving	 fruit	of	primocane	
cultivars:	 one	 method	 is	 to	 shade	 fruit,	 while	 a	 second	 is	 implement	 shade	 during	 flower	
production	 to	 shift	 fruit	 to	 a	 time	where	heat	 is	 avoided.	 The	 light	 treatments	 during	 flower	
formation	 were	 not	 meant	 for	 fruit	 temperature	 reduction	 in	 this	 experiment.	 It	 has	 been	
thought	 that	 shade	may	 delay	 flowering	 of	 primocane	 bearing	 cultivars	 to	 a	more	 favorable	
season,	although	the	research	 is	scarce.	The	purpose	of	 this	experiment	was	to	use	 light	as	a	
means	of	shifting	the	flower	and	fruit	fruiting	sequence	of	primocane	blackberries	to	avoid	heat.	
Based	 upon	 previous	 work,	 light	 saturation	 of	 blackberries	 occurred	 at	 750-900	
umoles/m2	/s1	light	flux	which	is	approximately	equivalent	to	50%	full	sun	on	an	average	Arkansas	
day.	 Shade	 treatments	 would	 generally	 have	 allowed	 at	 or	 near	 light	 saturation	 allowing	
achievement	of	near	maximum	average	photosynthesis	rates	(Curt	Rom,	pers.	comm.).	It	is	well	
studied	that	 light	 is	 the	driving	energy	source	for	photosynthesis	which	 influences	the	rate	of	
growth	as	well	as	development	of	plant	organs	(Janick,	1986).	Plant	organs	such	as	stems,	leaves,	
and	 flowers	 reach	 a	 genetically	 programmed	 minimal	 age	 of	 development,	 which	 varies	 by	
species	and	determines	when	the	plant	is	capable	of	flower	formation	(Durner,	2013).	However,	
Janick	(1986)	states	that	when	a	plant	reaches	maturity,	it	is	capable	of	flowering,	but	will	not	









and	 fruit	 period	 were	 more	 concentrated	 when	 70%-100%	 irradiance	 to	 full	 sun	 was	
implemented	 during	 initiation,	 meaning	 lower	 light	 levels	 may	 result	 in	 delayed	 flower	
differentiation	and	or	incomplete	development.	It	is	proposed	in	this	experiment	that	the	use	of	
30%	 and	 50%	 shade	 isolated	 the	 light	 intensity	 factor	 and	 would	 not	 reduce	 the	
photosynthetically	active	radiation	required	for	growth,	but	delay	vegetative	bud	development.	
Flower	bud	initiation	of	several	primocane	fruit	blackberry	cultivars	under	field	conditions	
was	 statistically	 different	when	 number	 of	 nodes	 reached	 25	 between	 14	 and	 28	May	 1997	
(Lopez-Medina,	et	al.,	1999).	This	research	was	the	first	of	its	kind	and	provided	the	foundation	















to	 shift	 primocane	 blackberry	 flower	 development.	 The	 objective	 of	 this	 experiment	 was	 to	
determine	if	various	levels	of	shade	(30%	and	50%)	used	at	different	times	of	the	pre-flowering	
































experiment	was	 designed	 to	 test	 three	 levels	 of	 shade	 (0%	 [control],	 30%	 and	 50%	 shading)	
applied	for	30-45	days	at	three	different	times	during	the	summer	growing	cycle.	The	experiment	
had	 seven	 treatments	 with	 various	 levels	 of	 shade	 and	 differing	 dates	 of	 treatment	
implementation:	 1)	 an	 untreated	 control	 [CK],	 2)	 early	 shade	 30%	 [ES30],	 3)	mid	 shade	 30%	
[MS30],	4)	late	shade	30%	[LS30],	5)	early	shade	50%	[ES50],	6)	mid	shade	50%	[MS50],	7)	late	
shade	50%	[LS50].	The	30%	and	50%	treatments	were	implemented	16	June	[ES],	1	July	[MS]	and	












field	 was	 irrigated	 as	 needed	 according	 to	 Irrometers	 when	 soil	 moisture	 tension	 reached	
approximately	10	cbars.	The	irrigation	was	inline	drip	tube	with	30.5	cm	spacing	and	a	flow	rate	
of	1.9	L/hour.	Plants	were	fertilized	every	spring	using	Bradfield	Organicsâ	Luscious	Lawns	Mix	
(3-1-5)	 which	 was	 applied	 in	 banded	 rows.	 Seasonal	 pest	 control	 sprayed	 for	 spotted	 wing	
drosophylla	 using	 Naturalyteâ	 (Spinosad	 A	 and	 D	 and	 Propylene	 glycol,	 DOW	 AgroSciences	
Company)	Insect	Control	at	a	rate	0.01	L	per	0.40	ha.		
Research	Variables	and	Data	Collection:	 Two	 healthy,	 vigorous	 primocanes	 in	 each	
treatment	plot	were	tagged	as	sub-samples	within	each	plot.	Prior	to	the	initiation	of	the	15	July,	
shade	 treatment	 structures,	 canes	 were	 chosen	 as	 subsamples	 in	 each	 treatment	 plot	 and	
tagged.	The	primocanes	were	selected	on	uniformity,	growth	and	overall	health.		












chlorophyll	 and	 assimilation	 measurements.	 Estimated	 leaf	 chlorophyll	 and	 assimilation	
measurements	were	taken	using	the	same	leaf,	but	 leaf	selection	varied	weekly.	Only	healthy	






















or	 mold	 and	 limited	 punctures	 to	 druplets.	 Once	 graded,	 the	 weight	 of	 the	 berries	 for	
unmarketable,	marketable	along	with	the	weight	of	25	randomly	chosen	marketable	berries	was	












marketable	 yield	 was	 the	 weight	 of	 marketable	 berries	 for	 all	 days	 of	 harvest	 combined	
(Appendix	41).	
After	 the	 conclusion	 of	 fruit	 data	 collection	 on	 19	 Oct.,	 the	 tagged	 canes	 in	 each	 FD	
treatment	plot	were	destructively	harvested	for	final	growth	measurements.	The	measurements	























while	 ES30	was	 not	 different	 from	any	other	 treatments.	 These	data	 indicated	 that	 over	 the	
course	of	the	experiment,	there	were	only	two	days	out	of	eight	when	statistical	differences	were	
measured	for	chlorophyll	content	among	treatments	(Table	4	and	Figure	14).		





5).	 The	 cumulative	 harvested	 berry	 weight	 which	 was	 greatest	 for	 LS30	 and	 LS50	 began	 to	



































experiment	 and	 the	 first	 shaded	 treatment	was	 implemented	 16	 June.	 Lopez-Medina,	 et	 al.,	
(1999)	stated,	flower	bud	initiation	of	several	primocane	fruit	blackberry	cultivars	was	observed	
between	14	and	28	May	1997,	which	further	supports	that	shade	needs	to	be	implemented	May	






it	 may	 reduce	 yields.	 Shade	 late	 in	 the	 season	 during	 fruiting,	 may	 increase	 fruit	 size	 and	



































































































































































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 38	 35	 37	 40.7	abcZ	 42.3	a	 44	 47	 47	
Early	Shade	30%	 40	 31	 36	 36	bc	 38.9	abc	 43	 45	 47	
Middle	Shade	30%	 38	 35	 36	 39	bc	 41.9	ab	 44	 48	 49	
Late	Shade	30%	 41	 36	 39	 41	ab	 41.3	ab	 42	 46	 48	
Early	Shade	50%	 37	 28	 37	 35	c	 38	bc	 44	 44	 44	
Middle	Shade	50%	 35	 37	 38	 35	c	 36	c	 43	 45	 45	
Late	Shade	50%	 41	 35	 41	 45	a	 42.4	a	 44	 47	 49	





































































































































































































































































































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 11.1	 15.4	 19.4	a
	Z	 13	 13.5	 13.6	 10.1	ab	 13.1	 11.8	a	
Unshaded-Shaded	 11.3	 15.3	 19	a	 14.7	 14.2	 11.1	 7.7	c	 11.7	 5.8	bc	
Shaded-Shaded	 11.8	 14.5	 15.1	b	 13.5	 13	 11.1	 8.6	bc	 13.5	 4.4	c	
Shaded-Unshaded	 10.8	 14.4	 15.1	b	 15.1	 12.2	 11.4	 11.3	a	 14	 7.3	b	



















































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 4.41	 5.3	c
	Z	 5.5	b	 5.3	 4.9	b	 5.8	a	 5	 4.3	a	 6a	
Unshaded-Shaded	 4.4	 5.9	ab	 6a	 5.6	 5.5	a	 5.8	a	 5	 4.1	a	 4	b	
Shaded-Shaded	 4.6	 6.1	a	 5.3	b	 5.3	 5.2	ab	 5	b	 5	 3	b	 5	b	
Shaded-Unshaded	 4.1	 5.7	bc	 5.4	b	 5.5	 5.7	a	 3.8	c	 5	 4.5	a	 5	b	































































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55y	
Control	 1.3	 1.5	a	Z	 1.1	b	 1.5	 1.3	 1.4	b	 1.4	bc	 0.98	bc	 1	b	
Unshaded-Shaded	 1.3	 1.8	ab	 1.1	b	 1.4	 1.3	 1.4	b	 1.3	c	 0.95	c	 2	a	
Shaded-Shaded	 1.3	 1.35	c	 1.3	a	 1.5	 1.2	 1.7	b	 1.7	ab	 1.08	ab	 1	b	
Shaded-Unshaded	 1.4	 1.4	bc	 1.1	b	 1.4	 1.3	 2.1	a	 1.8	a	 1.14	a	 2	a	










































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 36	 29	cZ	 35	a	 30	 31	b	 34	a	 33	 36	a	 35	b	
Unshaded-Shaded	 36	 29	c	 33	c	 30	 31	b	 34	a	 33	 36	a	 36	a	
Shaded-Shaded	 36	 32	a	 34	bc	 30	 32	b	 33.6	ab	 33	 36	a	 34	bc	
Shaded-Unshaded	 36	 30	b	 35	ab	 30	 33	a	 32.4	b	 33	 34	b	 34	c	


























































X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 61	 45	cZ	 61	a	 54	 57	 56	a	 57	ab	 72	b	 57	a	
Unshaded-Shaded	 63	 46	c	 58	b	 54	 56	 56	a	 58	a	 74	a	 46	c		
Shaded-Shaded	 62	 52	a	 58	b	 55	 58	 53	a	 54	bc	 74	a	 55	a	
Shaded-Unshaded	 62	 50	b	 62	a	 53	 55	 48	b	 52	c	 69	c	 50	b	





























































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 831	 530	 723	a	Z	 95	 393	ab	 605	a	 295	ab	 392	a	 560	a	
Unshaded-Shaded	 788	 678	 688	a	 94	 450	a	 219	b	 87	c	 237	b	 310	b	
Shaded-Shaded	 726	 461	 331	b	 132	 296	b	 275	b	 197	bc	 206	b	 174	c	
Shaded-Unshaded	 697	 242	 297	b	 108	 265	b	 680	a	 373	a	 423	a	 394	b	









































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 28	 27	cZ	 28	 28	 26.6	bc	 28	b	 28	 32	b	 27.4	bc	
Unshaded-Shaded	 28	 27.3	b	 28	 28	 26.9	b	 28	b	 29.6	 33	a	 30	a	
Shaded-Shaded	 28	 27.8	a	 28	 28	 26	c	 29	b	 29.6	 33	a	 27.7	c	
Shaded-Unshaded	 28	 27.5	b	 28	 28	 27.6	a	 30	a	 30	 32	b	 28	b	































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 296.3	 269	cZ	 270	c	 290	 289	 294	ab	 310	ab	 302	ab	 316	b	
Unshaded-Shaded	 297.1	 278	bc	 277	bc	 282	 291	 309	a	 326	a	 310	a	 317	b	
Shaded-Shaded	 297.5	 291	a	 282	b	 286	 301	 291	b	 304	b	 281	c	 350	a	
Shaded-Unshaded	 295.3	 288	ab	 291	a	 280	 303	 246	c	 283	c	 291	bc	 318	b	
































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 424.7	 398	cZ	 583	ab	 426	 465	 515	a	 469	 519	a	 694	a	
Unshaded-Shaded	 398.3	 465	b	 642	a	 460	 548	 510	a	 470	 525	a	 329	c	
Shaded-Shaded	 435.5	 541	a	 466	c	 423	 539	 384	b	 386	 399	b	 578	ab	
Shaded-Unshaded	 360.7	 467	b	 564	b	 452	 528	 219	c	 338	 493	a	 426	bc	








































































Treatment	 DOT	1X	 DOT	8	 DOT	15	 DOT	20	 DOT	29	 DOT	36	 DOT	41	 DOT	50	 DOT	55Y	
Control	 2.5	 2.9	a	Z	 3.5	a	 2.4	 2.7	a	 2.4	b	 1.9	b	 3	b	 2	a	
Unshaded-Shaded	 2.6	 2.6	b	 3.1	b	 2.6	 2.6	a	 1.9	c	 1.5	c	 3	b	 1.3	bc	
Shaded-Shaded	 2.6	 2.4	b	 2.9	bc	 2.5	 2.5	a	 2.2	bc	 1.8	bc	 4	a	 0.8	c	
Shaded-Unshaded	 2.6	 2.5	b	 2.8	c	 2.7	 2	b	 3	a	 2.3	a	 3	b	 1.6	b	









































































































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 14	 11	 12	 11	 13	 14	abZ	 14	 13	
Early	Shade	30%	 13	 10	 11	 10	 12.5	 10	c	 12	 14	
Middle	Shade	30%	 13	 10	 10	 10	 12.7	 14.5	a	 13	 13	
Late	Shade	30%	 12	 12	 11	 9	 12.8	 11.6	bc	 12	 13	
Early	Shade	50%	 11	 9	 11	 13	 11.5	 12.4	abc	 12	 13	
Middle	Shade	50%	 11	 11	 11	 10	 10	 13.5	ab	 12	 12	
Late	Shade	50%	 13	 10	 12	 13	 13	 12	abc	 12	 11	







































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 262*	 258	 256	 238	 272	 269	 275	 276	
Early	Shade	30%	 278	 261	 230	 235	 291	 252	 290	 275	
Middle	Shade	30%	 274	 245	 249	 243	 275	 256	 273	 280	
Late	Shade	30%	 295	 261	 234	 268	 281	 266	 303	 284	
Early	Shade	50%	 285	 270	 241	 232	 271	 263	 257	 275	
Middle	Shade	50%	 287	 241	 264	 228	 287	 271	 273	 276	
Late	Shade	50%	 276	 253	 251	 234	 282	 275	 273	 274	




























































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 54*	 58	 45	 41	 68	 47	 51	 50	
Early	Shade	30%	 53	 55	 42	 42	 70	 43	 51	 52	
Middle	Shade	30%	 55	 56	 43	 40	 67	 46	 48	 50	
Late	Shade	30%	 53	 52	 44	 43	 69	 46	 58	 54	
Early	Shade	50%	 54	 59	 42	 42	 67	 45	 44	 48	
Middle	Shade	50%	 53	 59	 45	 39	 68	 48	 48	 50	
Late	Shade	50%	 52	 57	 44	 41	 69	 46	 49	 49	


































































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 548	 907	 849	 700	 706	 849	 906	aZ	 703	
Early	Shade	30%	 322	 386	 338	 644	 213	 570	 445	b	 313	
Middle	Shade	30%	 555	 850	 641	 602	 226	 811	 331	b	 339	
Late	Shade	30%	 423	 218	 676	 492	 721	 422	 279	b	 329	
Early	Shade	50%	 180	 370	 628	 887	 282	 503	 549	ab	 395	
Middle	Shade	50%	 475	 514	 362	 678	 224	 560	 447	b	 333	
Late	Shade	50%	 466	 766	 618	 865	 576	 389	 259	b	 306	









































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 5	 4	 5	 3	 3	 6.2	aZ	 5.6	ab	 6	
Early	Shade	30%	 5	 4	 4	 3	 4	 4.5	c	 5.2	abc	 6	
Middle	Shade	30%	 4	 3	 4	 3	 3	 5.7	ab	 5	abc	 6	
Late	Shade	30%	 6	 4	 4	 4	 3	 4.8	bc	 5.7	a	 5	
Early	Shade	50%	 4	 3	 4	 4	 3	 5.4	abc	 4.5	c	 7	
Middle	Shade	50%	 5	 3	 4	 3	 3	 6.0	a	 4.9	bc	 6	
Late	Shade	50%	 5	 3	 5	 4	 4	 5.7	ab	 4.9	bc	 6	









































































Treatment	 DOT	10X	 DOT	15	 DOT	27	 DOT	36	 DOT	45	 DOT	57	 DOT	64	 DOT	69	
Control	 334*	 224	 250	 193	 327	 392	aZ	 1331	 422	
Early	Shade	30%	 412	 234	 174	 190	 404	 212	c	 522	 389	
Middle	Shade	30%	 312	 194	 198	 192	 313	 322	abc	 338	 395	
Late	Shade	30%	 500	 284	 200	 220	 397	 271	bc	 759	 484	
Early	Shade	50%	 300	 210	 185	 219	 273	 286	abc	 269	 379	
Middle	Shade	50%	 419	 244	 246	 171	 259	 355	ab	 338	 352	
Late	Shade	50%	 370	 200	 224	 189	 394	 344	ab	 421	 311	
























































































































































Treatment	 DOH	1X	 DOH	5	 DOH	8	 DOH	12	 DOH	15	 DOH	20	 DOH	22	
Control	 3.8*	 5	 4.2	 4	 4.7	 5	 5.2	
Early	Shade	30%	 5.6	 5	 5.3	 4.4	 4.5	 5.3	 4.8	
Middle	Shade	30%	 5.3	 5	 5.2	 5	 5.1	 5.2	 4.8	
Late	Shade	30%	 4.3	 5	 5	 5.2	 5	 5.5	 4.9	
Early	Shade	50%	 5.6	 6	 4.6	 4.9	 5	 5.4	 5.3	
Middle	Shade	50%	 4.8	 6	 5.2	 4.8	 5.3	 6.2	 4.6	
Late	Shade	50%	 4.8	 6	 5	 4.8	 5.3	 5.2	 4.9	





































Treatment	 DOH	1X	 DOH	5	 DOH	8	 DOH	12	 DOH	15	 DOH	20	 DOH	22	
Control	 14	 23	 34	 38	 140	 253	 86	abcZ	
Early	Shade	30%	 30	 26	 14	 39	 59	 112	 32	c	
Middle	Shade	30%	 5	 7	 22	 28	 85	 161	 51	bc	
Late	Shade	30%	 7	 27	 29	 92	 130	 244	 128	a	
Early	Shade	50%	 24	 16	 31	 58	 72	 143	 55	bc	
Middle	Shade	50%	 22	 26	 42	 60	 109	 166	 67	bc	
Late	Shade	50%	 30	 32	 21	 62	 100	 234	 100	ab	



























Treatment	 DOH	1X	 DOH	5	 DOH	8	 DOH	12	 DOH	15	 DOH	20	 DOH	22	
Control	 43*	 79	 65	 61	 70	 68	 62	
Early	Shade	30%	 71	 56	 52	 57	 71	 55	 54	
Middle	Shade	30%	 53	 28	 66	 53	 71	 54	 50	
Late	Shade	30%	 57	 53	 74	 75	 80	 55	 57	
Early	Shade	50%	 66	 45	 64	 66	 75	 58	 66	
Middle	Shade	50%	 64	 50	 79	 62	 80	 52	 55	
Late	Shade	50%	 64	 44	 56	 62	 65	 56	 54	


















































Treatment	 DOH	1X	 DOH	5	 DOH	8	 DOH	12	 DOH	15	 DOH	20	 DOH	22	
Control	 20	 10	 14	 24	 52	abZ	 119	 49	c	
Early	Shade	30%	 11	 17	 10	 31	 25	c	 101	 26	c	
Middle	Shade	30%	 5	 23	 11	 20	 31	bc	 123	 45	c	
Late	Shade	30%	 11	 23	 9	 30	 34	bc	 200	 94	a	
Early	Shade	50%	 12	 11	 15	 23	 23	c	 107	 23	c	
Middle	Shade	50%	 22	 15	 14	 33	 27	c	 158	 56	bc	
Late	Shade	50%	 13	 30	 8	 38	 57	a	 170	 89	ab	

























Treatment	 DOH	1X	 DOH	5	 DOH	8	 DOH	12	 DOH	15	 DOH	20	 DOH	22	
Control	 57*	 21	 35	 39	 30	 32	 38	
Early	Shade	30%	 29	 44	 48	 44	 29	 46	 46	
Middle	Shade	30%	 48	 72	 34	 48	 29	 45	 50	
Late	Shade	30%	 43	 47	 26	 25	 20	 45	 43	
Early	Shade	50%	 34	 55	 36	 34	 25	 42	 34	
Middle	Shade	50%	 36	 50	 21	 38	 20	 48	 45	
Late	Shade	50%	 36	 56	 44	 38	 35	 44	 46	






























































































































































Control	 10.4*	 130	 18.8	 7	 1.9	 0.5	
Early	Shade	30%	 8.9	 124	 17.4	 7.3	 2	 0.5	
Middle	Shade	30%	 9.8	 115	 17.4	 6.7	 2.2	 0.8	
Late	Shade	30%	 10.3	 127	 17.7	 8	 2.7	 1.3	
Early	Shade	50%	 9.1	 123	 16.2	 7.7	 1.6	 0.6	
Middle	Shade	50%	 9	 127	 18.9	 6.9	 1.6	 0.1	
Late	Shade	50%	 8.3	 113	 14.6	 8.1	 1.4	 0.4	
Prob	>	F	 ns	 ns	 ns	 ns	 ns	 ns	
*There	are	no	statistical	differences	represented	in	the	figure	above.	
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						Appendix	48.	Cane	diameter	of	‘Prime-Arkâ	45’	blackberry	as	affected	by	seven	shade	 												
	 treatments	while	grown	in	a	field	experiment,	2014.	
	
	
	
	
	
	
	
	
	
	
	
	
	
					*There	are	no	statistical	differences	represented	in	the	figure	above.	
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Appendix	49.	Cane	shoot	length	of	‘Prime-Arkâ	45’	blackberry	as	affected	by	seven	shade		 			
	 												treatments	while	grown	in	a	field	experiment,	2014.	
	
	
	
	
	
	
	
	
	
	 *There	are	no	statistical	differences	represented	in	the	figure	above.	
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Appendix	50.	Number	of	nodes	per	cane	of	‘Prime-Arkâ	45’	blackberry	as	affected	by	seven						
																									shade	treatments	while	grown	in	a	field	experiment,	2014.	
	
	
	
	
	
	
	
	
	
	
	
	
	*There	are	no	statistical	differences	represented	in	the	figure	above.	 	
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Appendix	51.	Length	between	nodes	of	‘Prime-Arkâ	45’	blackberry	as	affected	by	seven	shade		
																									treatments	while	grown	in	a	field	experiment,	2014.	
	
	
	
	
	
	
	
	
	
	
	
*There	are	no	statistical	differences	represented	in	the	figure	above.	
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Appendix	52.	Number	of	lateral	branches	per	cane	of	‘Prime-Arkâ	45’	blackberry	as	affected	by				
	 												seven	shade	treatments	while	grown	in	a	field	experiment,	2014.	
	
	
	
	
	
	
	
	
	
	
	
	
																				*There	are	no	statistical	differences	represented	in	the	figure	above.	
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Appendix	53.	Number	of	fruit	clusters	of	‘Prime-Arkâ	45’	blackberry	as	affected	by	seven	shade	
																									treatments	while	grown	in	a	field	experiment,	2014.	
	
	
	
	
	
	
	
	
	
	
	
	
	
*There	are	no	statistical	differences	represented	in	the	figure	above.	
